In utility power system, electricity demand is being covered largely by fossil fueled power generation, which contributes high level of GHG (greenhouse gas) emission and causes global warming worldwide. In order to reduce GHG emission level, most of the countries in the world targeting towards green energy that is power generation from RE (renewable energy) sources. In this paper, it is considered to study prospects of RE sources in particular, solar and wind in Victoria State which are abundant as compared to other sources of renewable. The wind and solar energy feasibility study and sensitivity analysis has been done for Victoria with the aid of HOMER (hybrid optimization model of electric renewable) simulation software. From the study, it has clearly evicted that wind energy combinational HPS (hybrid power system) has more contribution, and high potential than solar PV (photovoltaic) systems for a particular location. This study also investigates the influences of energy storage in the proposed HPS.
Introduction
 Electricity demand is being covered largely by fossil fueled power generation that contributing significant amount of GHG (greenhouse gas) emission to atmosphere. GHG emission participates as root cause for global warming which make changes in global climate conditions; rise in earth surface temperatures which are accompanied by increase in droughts, rise in sea level, retreat of glaciers, greater wild fire, and more severe storms.
As per commitment under KYOTO protocol [1] , the Australian government has targeted 20% of electricity generation from RE (renewable energy) in 2020 [2, 3] . In Australia, the RET (renewable energy target) has categorized into two schemes; namely LRET (large scale renewable energy target) and SRES (small scale renewable energy scheme). LRET supports large scale RE projects, like solar farm, wind farm, bio energy, and hydro power projects, whereas SRES supports solar PV (photovoltaic), solar heaters in households and small business [3] .With the introduction of the national RET, all individual RET set at the State level including that the targets for the State of Victoria were rolled into the national target. The State of Victoria needs to make a significant contribution to help achieve the targeted 20% generation from RE (renewable energy) sources. RE installed capacity for Victoria State in year 2012 (1,869 MW) was around 30.79% higher as compared to installed capacity in 2010 (1,429 MW), whereas actual RE generation (3,825 GWH) in year 2012 was around 45.32% higher as compared to 2010 RE generation (3,825 GWH) [4] .
Therefore, in line with the Victorian Government initiatives this study aiming to explore the prospects of RE in the Victoria. This study has been developed a HPS (hybrid power system) to investigate the economic and environmental benefits of RE systems for different locations of Victoria. As solar and wind resources are abundant [5] as compared to other renewables in the Victoria State, this study concentrated on only solar and wind energy generation. Initially, the most high potential locations for solar and wind energy generation has been identified based on the available data at Bureau of meteorological [5] .
Later, the optimization and feasibility analysis of RE sources like solar and wind for Victoria State has been carried out to identify prospects of wind and solar energy sources on the basis of the following performance metrics: NPC (net present cost), COE (cost of energy), RF (renewable fraction), and GHG emission factors. Finally, this study explores four studied systems: wind/PV/grid-connected, wind/grid-connected, PV/grid-connected and only gird-connected system through sensitivity analysis and investigate the suitable conditions for a specific meteorological conditions. This study will be benefited for the utilities to facilitated large-scale RE integration in the Victoria State.
This paper is organized as follows: Section 2 discusses the availability of solar and wind in Victoria; Section 3 presents the details of HPS model; Section 4 describes HPS simulation and results analysis using HOMER (hybrid optimization model of electric renewable); Section 5 concludes the paper with future directions.
Availability of Solar and Wind in Victoria
This section presents the potential availability of solar and wind resource in Victoria State.
Solar Energy
Solar radiation from Sun can be used to produce solar energy, which is renewable one. Solar energy is clean, suitable for eco-friendly environment and it does not contribute any GHG emission in atmosphere. The total solar energy available from the Sun at the Earth's surface over a time is given in below Eq. (1) [6] : E = 0.58 · 3.6 · 10 -9 · S n (1) where, E is solar energy (EJ), S is solar constant (w/m 2 ), n is number of hours, and r is radius of earth in km. Solar energy is helpful to meet energy requirement of electrical and thermal loads with the help of energy conversion technologies; photovoltaic technology of solar cell, concentrated solar power technology, solar water heater. Solar power is greatly depends on the solar insolation. Solar insolation is the amount of solar radiation at given time. Photovoltaic solar cell can be used for solar power generation by means of converting solar radiation into electrical energy. The energy conversion efficiency of solar cell is the relationship between maximum power output of solar cell to the solar insolation at given area. Solar cell efficiency is measured at STC (standard test condition). STC specifies at temperature of around 25 °C with an irradiance of 1,000 watts/m 2 and 1.5 AM (air mass) of solar spectrum. Eq. (2) shows the details of solar insolation and Eq. (3) shows the solar cell efficiency in relationship with maximum power and solar insolation [7] :
where, E is energy, D is period (day), P mp is maximum power, and A is area. Fig. 1 shows the solar exposure level of various locations in the Victoria State. Victoria's average annual global solar exposure on a horizontal surface ranges between 12-20 Mega joules per square meter per day (MJ/m 2 /day) [8] . The site location Mildurain
Mallee district of Victoria State has higher solar potential [5, 8] .
Wind Energy
Wind energy is a clean, free and nonpolluting sources of energy which does not contribute any GHG 
Solar and Wind Potential in Victoria
In order to identify solar and wind potential in Victoria State, solar exposure and wind speed data were collected from BOM (Bureau of Meteorology) of Australia [5] . There are 78 numbers of weather stations were considered from BOM. The locations orareas at which the solar exposure level, from 4.7 kWh/m 2 /day to 5.2 kWh/m 2 /day were considered as high solar potential areas, where as wind speed level from 5 m/sec to 8.8 m/sec were considered as high wind potential areas. Fig. 3 
Hybrid Power System Model
The HPS model have been developed by using HOMER simulation software [14] . The HPS model has been configured with solar and wind power generation with grid connection facility. In this model, lead acid battery can be used as energy storage unit to support reliable integration of renewable power sources into the grid. In addition to this, the grid component can be considered as backup power source to fulfil energy requirement to the connected load in case of any shortage of power during deficit or absence of power output from solar and wind sources.
The HPS model helps to identify the cost and GHG emission factors of different combinational power systems in optimum level. Also enable to compares performances of different combinational hybrid power connected system based on performance metrics such as NPC, COE and RF. The areas with high potential of solar irradiation and wind speed were considered for this feasibility study. In this paper, optimization and sensitivity analysis of a HPS model has been performed with reference to the effects of variation in the wind speed and solar irradiation to get optimum level of NPC, COE, RF and GHG emission values as output results. Fig. 4 shows the configuration details of HOMER HPS model [14] .
Economic and Environment Factors
The economic and environment indicators are considered to evaluate the sustainability of HPS model. NPC, COE, RF and environment related emission factors; CO 2 (carbon dioxide), SO 2 (sulphur dioxide), NO x (nitrous oxide) are considered as output results to develop efficient renewable power system [14] . For economic aspects, optimum level of NPC, COE are evaluated; whereas for environment aspects, reduction in GHG emission as well as RF values are identified.
Economic Factors
The NPC can be considered as a primary metric for cost evaluation of a power system and determines the life cycle cost of a power system. It is a present value of all costs that it incurs over a life time of a system, minus present value of all income over its life time. The NPC can be calculated as per the below Eq. (5) [15, 16] :
N -1 (6) where, N is number of years, i is annual real interest rate.
Total annual cost includes capital cost, replacement cost, operation and maintenance cost, fuel cost, emission penalties and purchasing cost of energy from grid.
COE is a levelized cost of energy as the average cost per KWh of useful electrical energy produced by the system. The total annual cost for producing electricity is divided by total useful electrical energy production. The Eq. (7) can be used to calculate COE:
where, C ann.Total is total annual cost, E is electricity consumption in KWh/year.
Environment Factors
An emission factor is a representative value that relates the quantity of a pollutant which is released to the atmosphere with an associated activity. These factors are usually expressed as the weight of pollutant divided by duration of the activity emitting the pollutant. The HOMER simulation output results describe the total amount of each pollutant produced annually by a HPS model. As stated earlier, the gas emissions due to following gases; CO 2 , SO 2 , NO x are considered to evaluate as output emission level which are expressed in Kg/Year. HOMER estimates emission level in negative value, in case of sell back low emission or emission free equivalent excess electricity to the grid [14, 17] .
RF is the fraction of renewable energy contribution from RE power sources over annual total energy generation in hybrid power system.
where, E PV is RE contribution of solar PV, E PT is RE contribution of wind power, E ann.Total is annual total energy generation. Solar PV fraction f PV and wind power fraction f WT are represented as in above Eqs. (8) and (9) [18, 19] .
HPS Components
The detailed specification of components that has been used in HPS model are summarised in this section as below.
3.2.1 Solar PV (Photovoltaic) The capital cost for 1 kW Solar PV is assumed that around $2,100 and cost for replacement is also considered as same price. The operation and maintenance cost are considered to be practically zero and the sizes of PV arrays are considered to vary from 50 kW to 200 kW.
Wind Turbine
The Aeolos (s-H30) 30 kW wind turbine is considered for this HPS model study. The Aeolos wind turbine is manufactured by Aeolos wind energy limited, United Kingdom [20] . The capital cost for 30 kW wind turbine is considered around $66,080 and replacement cost is assumed around $60,000.
AC/DC Converter
In this model AC/DC, converter can be used as bidirectional converter, it can be used either as a rectifier or as an inverter. The capital cost for 1 kW converter is considered around $800 and replacement cost is around $700.
3.2.4 Energy Storage: Battery In this model, T-105 Trojan deep cycle flooded lead acid battery is considered as energy storage device. The rated output voltage of each battery is around 6 V with ampere hour rating of around 225 Ah [21] . In this HPS model, four batteries are considered in each string, total Watt hour capacity of each string is around 5.4 kWh. The SOC (state of charge) for battery storage is considered around 40%. The capital cost is considered around $210 and replacement cost is assumed around $210 [21] .
3.2.5 Electrical Load Typical scaled annual monthly average load for Victoria State is considered for this HPS model study. The scaled annual average load is around 1,629 kWh/day. Fig. 5 shows the details of typical scaled annual electrical load profile with peak/average load of around 135 kW/67.5 kW.
3.2.6 Grid System Grid system is considered as backup power source during peak demand time, in case of any output power shortage from solar and wind sources or insufficient energy reserve in connected storage system. In this HPS model study, the cost of energy which is purchased from grid is considered in two rates: 0.3 $/kWh (normal rate), 0.5 $/kWh (peak rate); whereas sell back energy cost to grid is considered around 0.05 $/kWh. The HOMER considers the GHG emission level equivalent to in terms of weight per unit of energy from power system (g/kWh), for CO 2 which is around 632 g/kWh, for SiO 2 2.74 g/kWh, whereas for No x is around 1.34 g/kWh [5] .
3.2.7 RE Sources For feasibility analysis, the solar radiation and wind speed data of Victoria State were collected from BOM, Australia. There are 78 numbers of weather stations in nine districts of Victoria State were considered for solar and wind generation. Out of 78 site locations, the locations with high potential availability of solar and wind resources were identified. From the data analysis, it has been clearly evident that a location with high solar potential having poor wind source and vice versa. This study selected one location from each district considering both solar and wind potential and hence nine locations have been selected from nine district in the Victoria State and developed HPS to investigate the prospects of RE in the Victoria. Out of nine locations, three locations were selected based on high solar potential irrespective of wind, whereas remaining six locations were selected based on high wind potential irrespective of solar. Table 1 shows the nine locations of average annual solar irradiation and wind speed data with corresponding latitude and longitude co-ordinates in which first three locations were selected based on high solar potential area and remaining six were selected based on high wind potential area. other locations in Mallee district [5] . Fig. 6 clearly shows that the solar exposure level is low from April to September, whereas rest of the months in year is higher [5] . is very high throughout the year in Wilsons Promontory as compared to other locations [5] . The monthly average wind speed is more than 9 m/sec for the month of September to December, whereas more than 8.5 m/sec in rest of the months [5] .
Results Analysis

Optimization Analysis
In order to compare and identify the optimum level of economic and emission factors, this study considered PV/grid-connected, PV/wind/grid-connected, wind/grid-connected and gird-only systems. Economic factors of the studied systems were measured by NPC and COE while emission factors of the systems were measured by RF and CO 2 emissions. Table 2 depicts the optimization results of the four studied system for the selected nine locations.
From the above Table, it is clearly shows that the PV/grid power system is more feasible in economic and emission point of view as compared to wind/grid-connected and grid-only system in three locations: Mildura, Warracknabeal and Yarrawonga. Similarly, it has shown that the wind/grid and wind/PV/grid system are more feasible as compared to PV/grid and grid-only in economic and environment aspects for the remaining six locations. This is due to availability of higher wind potential than the solar in these locations. Finally, from the results of above nine locations, it can be evident that wind has more potentialities compare to solar energy as wind can generate energy throughout the day while solar can generate energy only for 7 hours to 8 hours a day.
Figs. 8 and 9 depict optimum results of COE and CO 2 emission level respectively for high solar potential locations. From these figures, it is clearly evident that the Mildura is the best suitable location for solar energy generation both economically and environmentally. Figs. 10 and 11 depict optimum results of COE and CO 2 emission level respectively for high wind potential locations. From Figs 10 and 11 , it has seen that Wilson Promontory is the most preferred and Kilmore Gap is the second preferred while Point Wilson is the least preferred location for wind energy generation. Therefore, this study further explore the HPS model for Mildura, the most suitable location for solar energy generation and Wilson Promontory, the most suitable location for wind energy generation.
Optimization Results for Mildura
As stated earlier, the annual average solar potential is very high in Mildura site location as compared to other locations. In order to ensure further optimum level of economic and emission factors, Mildura has been considered for optimization and sensitivity analysis of HPS model. Fig. 12 shows the optimization results of HPS model with grid connected various combinational power systems. From Fig. 12 , it has seen that COE and NPC in the PV/grid connected system is around 21.8% less than the standard grid system and 19.8% less than the wind/grid systems.
Among the studied systems, it can be stated that COE is the lowest for PV/grid connected system as shown in Fig. 13 . On the other hand, from Fig. 14 it has seen that NPC is the lowest in the PV/grid connected system while the highest in the only-gird system.
From Table 3 , it can be stated that the CO 2 , SiO 2, NO x emission level for PV/grid connected system is 44.3% less than standard grid system and 17.1% less than wind/grid connected system. These results clearly shows that PV/grid connected power system is more feasible than the wind/PV/grid, wind/grid and standard grid system in economic and environment point of view in Mildura.
Optimization Results (Wilsons Promontory)
The wind potential is very high in Wilsons Promontory as compared to other site locations in Victoria State. In order to ensure further optimum level of economic and emission factors, Wilsons Promontory has been considered for the optimization and sensitivity analysis of HPS model. Fig. 15 shows the feasibility analysis results of HPS model with grid connected various combinational power systems.
From the Table 4 results, it is observed that in the wind/grid connected system COE, NPC is around 64% less than the grid-only and 58% less than the PV/grid system. Figs.16 and 17 show clearly that the CO 2 , SiO 2 NO x emission level for wind/grid connected system is around -610,479 kg/year, -2,647 kg/year, and -1,294 kg/year equivalent to sellback of green energy around 965,947 kWh to grid.
From these above results, it is clearly shows that the Wind/grid and wind/PV/grid system provides significant reduction in GHG emission level as well as cost factors; NPC, COE as compared to standard grid and PV/grid system. This outcome also evident in the study by Shafiullah et al. [22] that the Wilsons Promontory site location was more feasible for wind power generation.
Sensitivity Analysis
To identify the performance condition of a renewable power system, HOMER repeats its optimization analysis called sensitivity analysis for a given multiple values of any variable as input [14] . In this section, the sensitivity analysis has been carried out to study the performance of HPS by varying the solar irradiation and wind speed for different sites, such as Mildura and Wilsons Promontory.
The sensitivity analysis for Mildura has been carried out with six values of solar irradiation variables to estimate the performance of HPS model in COE and RF point of view. From Fig. 18 , it can be shown that at 5.8 kWh/m 2 /d solar irradiation, the COE is around 0.266 $/kWh and RF is 69%. Similarly at 6.5 kwh/m 2 /d, the COE is 0.262 $/kWh and RF is 70%. This indicates clearly that the higher solar irradiation contributes more fraction of renewable power with reduced cost of energy. In Mildura, during the months of January to March and October to December in a year, higher solar potential can get efficient renewable power generation with PV/grid power system. Similarly, the sensitivity analysis for Wilsons Promontory has been carried out with six values of wind speed and solar irradiation to estimate the performance of HPS in CO 2 emission point of view. In Fig. 19 , for wind/grid system, the CO 2 emission value is -490,089 kg/year at wind speed of around 7.5 m/sec.
Similarly at wind speed 8.8 m/sec that the CO 2 emission value is further reduced to -610,479 kg/year and at 9.3 m/sec CO 2 emission is around -637,121 kg/year. These results clearly indicates that increasing in wind speed level contributes a significant reduction in CO 2 emission. This analysis results shows that, higher wind potential benefits to get significant reduction in emission level.
Beneficial Results of Energy Storage
The lead acid battery is used as energy storage in Therefore, it can be stated that increase of RF reflects to get the benefits of reduction in GHG emission level.
Also, when compared with wind/PV/grid without storage system that the wind/PV/grid with storage system helps to get 3% increase of overall RF (PV-2% and wind-1%) and 3% reduction in purchasing of grid power. Similarly, 3% incremental of RF reflects to get benefits of reduction in GHG emission level.
In Mildura, during the month of January, the average solar irradiation is around 7.9 kWh/m 2 /d. Fig. 20 shows the first two week status of solar power output with battery usage condition. During this period, whenever the solar PV power output high, the battery gets charged while absence or deficit of solar power that the stored energy gets discharged to meet the load requirement. It has clearly shows that the battery storage increases the performances of HPS module, increases the energy generation and reduces the GHG emission.
Conclusions and Future Directions
This study developed a HPS to investigate the potentialities of RE in Victoria. Nine locations were considered one from each district of Victoria for optimization and feasibility analysis of renewable sources in particular, solar and wind resources to find out optimum level of economic and emission factors.
As per optimization and sensitivity analysis, it has evident that the Mildura is the most suitable location for solar energy generation and Wilsons Promontory is the most suitable location for wind energy generation. It has also seen that the use of energy storage in the HPS increases overall RF and reduces purchase of grid power. This overall increment of RF contribution causes in reduction of GHG emission level. This model of study also indicates that the wind combinational power systems: wind/grid, wind/PV/grid at high wind potential areas are more feasible than feasibility of PV/grid system in high solar potential areas.
This research study will be helpful to researchers and power utilities by further analysis of RE sources at high level to develop efficient renewable power generation in the Victoria State. This will helps to develop efficient renewable power generation in Victoria and support to achieve 20% RET in 2020 for Australia.
Along with this basic study, further in depth investigations and research analysis are required in the following areas:
Investigate integration challenges of RE sources to modern power system; Develop high level of efficient renewable power generation in Victoria State.
